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0HGLD�3UHYLHZ

%LRVSKHUH�6HD:,)6� %LRVSKHUH�ZLWK�&DUERQ
'LR[LGH�FRQFHQWUDWLRQ
PHDVXUHG�DW�0DXQD�/RD

6HD:,)6�ZLWK�/DQG
%DFNJURXQG�

'HVFULSWLRQ

�7KH�SXUSRVH�RI�WKH�6HD�YLHZLQJ�:LGH�)LHOG�RI�YLHZ�6HQVRU��6HD:L)6�

3URMHFW�LV�WR�SURYLGH�TXDQWLWDWLYH�GDWD�RQ�JOREDO��RFHDQ�ELR�RSWLFDO�

SURSHUWLHV�WR�WKH�(DUWK�VFLHQFH�FRPPXQLW\��6XEWOH�FKDQJHV�LQ�RFHDQ�FRORU

VLJQLI\�YDULRXV�W\SHV�DQG�TXDQWLWLHV�RI�PDULQH�SK\WRSODQNWRQ��PLFURVFRSLF

PDULQH�SODQWV���WKH�NQRZOHGJH�RI�ZKLFK�KDV�ERWK�VFLHQWLILF�DQG�SUDFWLFDO

DSSOLFDWLRQV�����6HD:L)6�ZHEVLWH��7KH�6HD:L)6�3URMHFW�FROOHFWV�

SURFHVVHV��DQG�GLVWULEXWHV�GDWD�UHFHLYHG�IURP�DQ�RFHDQ�FRORU�VHQVRU

RUELWLQJ�WKH�(DUWK�RQ�D�VDWHOOLWH��7KH�RUELWLQJ�VHQVRU�FDQ�YLHZ�HYHU\�VTXDUH

NLORPHWHU�RI�FORXG�IUHH�RFHDQ�HYHU\����KRXUV��SURYLGLQJ�JOREDO�LQIRUPDWLRQ

RQ�WKH�RFHDQV��7KH�VDWHOOLWH�REVHUYDWLRQV�FDQ�EH�XVHG�WR�GHULYH�WKH

FRQFHQWUDWLRQ�RI�PLFURVFRSLF�PDULQH�SODQWV��SK\WRSODQNWRQ��EDVHG�RQ�WKH

FRORU�RI�WKH�RFHDQ��*UHHQHU�ZDWHU�VLJQLILHV�DQ�DEXQGDQFH�RI

SK\WRSODQNWRQ��ZKLOH�EOXHU�ZDWHU�LQGLFDWHV�OHVV�

7KLV�LV�RI�LQWHUHVW�WR�VFLHQWLVWV�EHFDXVH�LW�LV�WKRXJKW�WKDW�PDULQH�SODQWV

UHPRYH�FDUERQ�IURP�WKH�DWPRVSKHUH��VLPLODU�WR�SODQWV�RQ�ODQG��7KH�DELOLW\

WR�FRQWLQXRXVO\�PRQLWRU�ELRORJLFDO�DFWLYLW\�ZLWK�6HD:L)6�KHOSV�VFLHQWLVWV�WR

XQGHUVWDQG�WKH�UROH�RI�WKH�RFHDQ�LQ�WKH�JOREDO�FDUERQ�F\FOH��DV�ZHOO�DV�RWKHU�LQWHUDFWLRQV�EHWZHHQ�WKH�RFHDQ�DQG�WKH
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YHJHWDWLRQ��DQG�EURZQ�DUHDV�KDYH�QR�YHJHWDWLRQ��$V�DQ�DGGLWLRQ�WR�WKLV�GDWDVHW��DQRWKHU�YHUVLRQ�LV�DYDLODEOH�WKDW�KDV�WKH�&DUERQ

'LR[LGH�UHFRUG�IURP�12$$
V�0DXQD�/RD�2EVHUYDWRU\�LQFOXGHG�LQ�WKH�LPDJHV��$�VHFRQG�YHUVLRQ�RI�6HD:L)6�LV�DOVR�DYDLODEOH

ZLWK�WKH�ODQG�DV�D�VWLOO�LPDJH��VKRZLQJ�RQO\�WKH�FKDQJHV�LQ�WKH�RFHDQ�WKURXJK�WKH�\HDU�

1RWDEOH�)HDWXUHV

6KDGLQJ�RQ�ODQG�GHSLFWV�DPRXQW�RI�YHJHWDWLRQ

6KDGLQJ�RQ�RFHDQ�GHSLFWV�FRQFHQWUDWLRQ�RI�FKORURSK\OO

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\

2FHDQ

$XGLR

1R

'DWDVHW�6RXUFH

1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

'DWDVHW�'HYHORSHU

1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

9LVXDOL]DWLRQ�'HYHORSHU

1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

&RQWDFW

'LUHFWRU\

)73�/LQN

.0/

.0/�)LOH

.H\ZRUGV

2FHDQ��6HD:L)6��FDUERQ�

YHJHWDWLRQ

%LRVSKHUH�6HD:,)6�ZLWK�&DUERQ�'LR[LGH�/HYHOV��SSP�



8/10/12 Datasets | Science On a Sphere

1/2sos.noaa.gov/Datasets/dataset.php?id=98

0HGLD�3UHYLHZ

'HVFULSWLRQ

7KLV�YLVXDOL]DWLRQ�XVHV�WKH�VDPH�GDWDEDVH�DV�WKH�QLJKWWLPH�VLGH�RI�WKH�+RW
7RSR�YLVXDOL]DWLRQ��7KH�GDWD�ZDV�UHFRUGHG�E\�WKH�'HIHQVH�0HWHRURORJLFDO
6DWHOOLWH�3URJUDP��'063��LQ�WKH�1DWLRQDO�*HRSK\VLFDO�'DWD�&HQWHU��7KH
(DUWK�2EVHUYDWLRQ�*URXS�LQ�WKH�1*'&�PDLQWDLQV�WKH�DUFKLYHG�GDWD�
SHUIRUPV�UHVHDUFK�RQ�WKH�GDWD��DQG�PDNHV�SURGXFWV�XWLOL]LQJ�WKH�GDWD
DYDLODEOH��7KH�GDWD�ZDV�FROOHFWHG�XVLQJ�SRODU�RUELWLQJ�VDWHOOLWHV�WKDW
SURYLGH�IXOO�FRYHU�RI�WKH�JOREH�WZLFH�D�GD\��7KH�VDWHOOLWHV�KDYH�DQ
2SHUDWLRQ�/LQHVFDQ�V\VWHP�ZKLFK�DOORZV�WKHP�WR�GHWHFW�ORZ�OHYHOV�RI
YLVLEOH�QHDU�LQIUDUHG�UDGLDQFH�DW�QLJKW��:LWK�WKLV�GDWD��LW�LV�SRVVLEOH�WR
GHWHFW�FORXGV�LOOXPLQDWHG�E\�PRRQOLJKW��OLJKWV�IURP�FLWLHV�DQG�WRZQV�
LQGXVWULDO�VLWHV��JDV�IODUHV��ILUHV��OLJKWQLQJ��DQG�DXURUD��7KH�1LJKWWLPH
/LJKWV�RI�WKH�:RUOG�GDWD�VHW�ZDV�FRPSOLHG�IURP�'063�GDWD�VSDQQLQJ
2FWREHU��������0DUFK������

7KLV�SDUWLFXODU�YLVXDOL]DWLRQ�VKRZV�RQO\�WKH�OLJKWV�JHQHUDWHG�IURP
HOHFWULFLW\��7KH�RFHDQV�DUH�VKDGHG�D�YHU\�GDUN�EOXH�DQG�WKH�ODQG�LV
VKDGHG�D�VOLJKWO\�OLJKWHU�EOXH�VR�WKDW�WKH\�FDQ�EH�GLVWLQJXLVKHG��$OO�RI�WKH

OLJKWV�DUH�EULJKW�ZKLWH��$UHDV�RI�KLJK�HFRQRPLF�SURVSHULW\�DQG�RU�SRSXODWLRQ�DUH�JHQHUDOO\�WKH�DUHDV�WKDW�DUH�ZHOO�LOOXPLQDWHG�
0RVW�RI�WKH�FRDVW�OLQHV�DUH�ZHOO�KLJKOLJKWHG��DV�LW�VHHPV�SHRSOH�OLNH�WR�OLYH�E\�WKH�ZDWHU��7KH�1LOH�5LYHU�LQ�$IULFD�LW�RXWOLQHG�E\�WKH
OLJKWV�WKDW�ERUGHU�LW��,Q�WKH�8QLWHG�6WDWHV��LW�LV�YLVLEOH�WKDW�WKH�HDVWHUQ�KDOI�RI�WKH�FRXQWU\�LV�PRUH�GHQVHO\�SRSXODWHG�WKDQ�PRVW�RWKHU
DUHDV��0DMRU�KLJKZD\V�FDQ�EH�LGHQWLILHG�E\�WKH�OLJKWV�DORQJ�WKHP�

6SHFLDO�FRORUL]HG�YHUVLRQV�RI�WKHVH�PDSV�FDQ�DOVR�EH�XVHG�WR�GHWHFW�SRZHU�RXWDJHV��7KLV�LV�GRQH�E\�FRPSDULQJ�DQ�DQQXDO
FRPSRVLWH�LPDJH�DJDLQVW�GDWD�IURP�RQH�QLJKW��7KH�OLJKWV�LQ�WKH�FRPSRVLWH�LPDJH�DUH�VKDGHG�UHG��WKH�YLVLEOH�GDWD�IURP�WKH�RQH
QLJKW�LV�VKDGHG�JUHHQ�DQG�WKH�WKHUPDO�GDWD�IURP�WKH�RQH�QLJKW�LV�VKDGHG�EOXH��7KH�UHVXOW�LV�FORXGV�VKRZ�XS�EOXH��OLJKWV�WKDW�DUH
RQ�GXULQJ�ERWK�WLPH�SHULRGV�VKRZ�XS�\HOORZ��OLJKWV�WKDW�ZHUH�RQ�RQO\�RQ�WKH�VLQJOH�QLJKW�VKRZ�XS�JUHHQ�DQG�OLJKWV�WKDW�ZHUH�RQ�LQ
WKH�FRPSRVLWH�LPDJH��EXW�QRW�WKH�RQH�QLJKW�VKRZ�XS�UHG��$Q\�ZLGHVSUHDG�DUHD�WKDW�LV�UHG�VXJJHVWV�D�SRZHU�RXWDJH��7ZR�LPDJHV
IURP�$XJXVW�����������ULJKW�DIWHU�+XUULFDQH�.DWULQD�KLW��DUH�DYDLODEOH�WR�GLVSOD\�RQ�WKH�VSKHUH�DV�D�SLFWXUH�LQ�D�SLFWXUH��7KH�ILUVW�LV
D�EODFN�DQG�ZKLWH�LPDJH�RI�WKH�OLJKWV�IURP�$XJXVW����DQG�WKH�VHFRQG�LV�WKH�VDPH�LPDJH��EXW�FRORUL]HG�WR�KLJKOLJKW�WKH
ZLGHVSUHDG�SRZHU�RXWDJHV�

7KHUH�DUH�WKUHH�DGGLWLRQDO�YDULDWLRQV�RI�WKH�QLJKWWLPH�OLJKWV�PDS��7KH�ILUVW�GDWDVHW�LV�WKH�QLJKWWLPH�OLJKWV�PHUJHG�ZLWK�WKH�%OXH
0DUEOH�GDWDVHW��7KH�QHZ�GDWDVHW�VKRZV�WKH�(DUWK�ZLWK�GD\WLPH�DQG�QLJKWWLPH�YLHZV�RI�WKH�(DUWK��WR�GHPRQVWUDWH�KRZ�RQO\�KDOI�RI
WKH�(DUWK�LV�LOOXPLQWDWHG�DW�RQH�WLPH��7KH�VHFRQG�GDWDVHW�LV�VLPLODU�WR�WKH�RULJLQDO�QLJKWWLPH�OLJKWV�GDWDVHW��EXW�WKH�OLJKWV�KDYH
EHHQ�FRORUL]HG�EDVHG�RQ�WKH�OLJKW�VRXUFH��7KH�ZKLWH�UHSUHVHQWV�OLJKWV�JHQHUDWHG�IURP�HOHFWULFLW\��WKH�UHG�VKDGLQJ�VKRZV�ILUHV��WKH
SLQN�VKDGLQJ�LQGLFDWHV�OLJKW�IURP�VTXLG�ILVKLQJ�ERDWV��DQG�WKH�EOXH�VSRWV�DUH�JDV�IODUHV�IURP�RLO�ULJV��7KH�WKLUG�YDULDWLRQ�LV�WZR
PDSV��RQH�ZLWK�HOHFWULF�OLJKWV�IURP�������WKH�VHFRQG�ZLWK�HOHFWULF�OLJKWV�IURP�������%\�FRPSDULQJ�WKH�WZR�LPDJHV��YLHZHUV�FDQ
VHH�DUHDV�RI�JURZWK�DQG�GHFOLQH�

7KHUH�DUH�DOVR�DGGLWLRQDO�XSGDWHV�WR�WKLV�GDWDVHW��7KH�ILUVW�LV�D�FRORU�FRPSRVLWH�RI�WKUHH�\HDUV����������������������RI�'063
QLJKWWLPH�OLJKWV��(DFK�\HDU�KDV�EHHQ�DVVLJQHG�WR�RQH�RI�WKH�SULPDU\�FRORUV������� �EOXH������� �JUHHQ������� �UHG��7KH�FRQWUDVW
KDV�EHHQ�HQKDQFHG�WR�VKRZ�DOO�WKH�GHWHFWHG�OLJKWV��LQFOXGLQJ�WKH�GLP�OLJKWLQJ�RIWHQ�GHWHFWHG�LQ�SRSXODWHG�UXUDO�DUHDV��/RFDWLRQV
WKDW�KDG�EULJKW�OLJKWLQJ�LQ�DOO�WKUHH�\HDUV�DUH�ZKLWH��7KHUH�DUH�PDQ\�UXUDO�DUHDV�LQ�,QGLD�DQG�HOVHZKHUH�WKDW�KDYH�D�EURQ]H�FRORU�
LQGLFDWLQJ�WKDW�WKH\�KDG�QR�GHWHFWHG�OLJKWLQJ�LQ������DQG�GLP�OLJKWLQJ�GHWHFWHG�LQ�ERWK������DQG�������1RWLFH�WKH�DUHDV�RI�EOXH
OLJKWLQJ�LQ�VHYHUDO�SDUWV�RI�WKH�)RUPHU�6RYLHW�8QLRQ��WKH�UHVXOW�RI�FROODSVH�DQG�ORVV�RI�OLJKWLQJ�LQ�WKH�PLG�����
V��7KH�VHFRQG�LV
VLPLODU��EXW�RQO\�FRPSDUHV�WZR�\HDUV��������DQG��������RI�'063�QLJKWWLPH�OLJKWV��,Q�WKLV�GDWDVHW��SXUSOH�UHSUHVHQWV�D�GHFUHDVH�LQ
OLJKW�OHYHOV��ZKLWH�UHSUHVHQWV�QR�FKDQJH�LQ�OLJKW�OHYHOV�DQG�\HOORZ�UHSUHVHQWV�DQ�LQFUHDVH�LQ�OLJKW�OHYHOV��%RWK�RI�WKHVH�GDWDVHWV
DUH�DYDLODEOH�ZLWK�DQG�ZLWKRXW�FRXQWU\�ERUGHUV��)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�FRPSDULVLRQ�GDWDVHW��YLVLW�KHUH�
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0HGLD�3UHYLHZ

'HVFULSWLRQ

�12$$�HQFRXUDJHV�VFLHQFH�WKDW�DGGV�EHQHILW�WR�VRFLHW\�DQG�WKH
HQYLURQPHQW��&DUERQ7UDFNHU�GRHV�ERWK���VDLG�UHWLUHG�1DY\�9LFH�$GPLUDO
&RQUDG�/DXWHQEDFKHU��3K�'���XQGHUVHFUHWDU\�RI�FRPPHUFH�IRU�RFHDQV�DQG
DWPRVSKHUH�DQG�12$$�DGPLQLVWUDWRU��&DUERQ7UDFNHU�ZDV�GHYHORSHG�LQ
WKH�(DUWK�6\VWHP�5HVHDUFK�/DERUDWRU\�LQ�WKH�&DUERQ�&\FOH�*UHHQKRXVH
*DVHV�JURXS�DQG�LV�D�V\VWHP�WR�NHHS�WUDFN�RI�FDUERQ�GLR[LGH�XSWDNH�DQG
UHOHDVH�DW�WKH�(DUWK
V�VXUIDFH�RYHU�WLPH��&DUERQ7UDFNHU�DV�D�VFLHQWLILF�WRRO
ZLOO��WRJHWKHU�ZLWK�ORQJ�WHUP�PRQLWRULQJ�RI�DWPRVSKHULF�&2���KHOS�LPSURYH
WKH�XQGHUVWDQGLQJ�RI�KRZ�FDUERQ�XSWDNH�DQG�UHOHDVH�IURP�ODQG�
HFRV\VWHPV��DQG�RFHDQV�DUH�UHVSRQGLQJ�WR�D�FKDQJLQJ�FOLPDWH��LQFUHDVLQJ
OHYHOV�RI�DWPRVSKHULF�&2���WKH�&2��IHUWLOL]DWLRQ�HIIHFW���DQG�RWKHU
HQYLURQPHQWDO�FKDQJHV��LQFOXGLQJ�KXPDQ�PDQDJHPHQW�RI�ODQG�DQG
RFHDQV��12$$
V�&DUERQ7UDFNHU�ZHEVLWH

7KLV�GDWD�VHW�VKRZV�WKH�GLVWULEXWLRQ�RI�FDUERQ�GLR[LGH�LQ�WKH�DWPRVSKHUH
IRU�HYHU\�GD\�RI�WKH�\HDU�������DOORZLQJ�WKH�ODUJH�YDULDWLRQV�LQ�&2��IURP
GD\�WR�GD\��RIWHQ�FDOOHG�
FDUERQ�ZHDWKHU
��WR�EH�LOOXVWUDWHG�DORQJ�ZLWK

VHDVRQ�WR�VHDVRQ�FKDQJHV��7KH�GDWD�VHW�DOVR�VKRZV�EODFN�DQG�ZKLWH�GRWV�DW�HYHU\�ORFDWLRQ�DQG�WLPH�WKDW�12$$�(65/�DQG
FROODERUDWRUV�FROOHFW�VDPSOHV�RI�DLU�WR�DQDO\]H�WKH�FRQWHQWV�IRU�&2��DQG�PXOWLSOH�RWKHU�JDVHV��7KHVH�DUH�WKH�ORFDWLRQV�IRU�ZKLFK
ZH�NQRZ�WKH�PL[LQJ�UDWLRV�RI�&2��H[DFWO\��7KH�UHVW�RI�WKH�JOREH�LV�ILOOHG�LQ�E\�D�FRPSXWHU�PRGHO�GULYHQ�E\�RXU�EHVW�NQRZOHGJH�RI
WKH�VXUIDFH�VRXUFHV�DQG�VLQNV��IRVVLO�IXHO�DQG�ELRPDVV�EXUQLQJ�HPLVVLRQV��ELRVSKHULF�DQG�RFHDQ�XSWDNH�RU�UHOHDVH��RI�&2��WKDW
DUH�DFURVV�WKH�JOREH��7KH�&2��SOXPHV�FDQ�EH�VHHQ�PRYLQJ�DFURVV�WKH�JOREH��LOOXVWUDWLQJ�WKH�LPSRUWDQFH�RI�PRQLWRULQJ�&2�
JOREDOO\��QRW�MXVW�ORFDOO\��7KH�ODUJH�YDULDWLRQV�LQ�&2��FRQFHQWUDWLRQ�IURP�VHDVRQ�WR�VHDVRQ�DUH�GXH�WR�WKH�SODQW�OLIH��'XULQJ�WKH
ZLQWHU�VHDVRQ��SODQWV�DQG�WUHHV�UHVSLUH�&2��DV�WKH\�VKHG�OHDYHV�DQG�VWRS�JURZLQJ�RU�GHFD\��DGGLQJ�PXFK�&2��WR�WKH
DWPRVSKHUH��7KLV�SURFHVV�UHYHUVHV�GXULQJ�VSULQJ�DQG�VXPPHU��ZKHQ�WKH\�KDYH�SOHQW\�RI�DFFHVV�WR�VXQOLJKW�DQG�JURZ�OHDYHV�DQG
IORZHUV��RU�LQFUHDVH�WKHLU�VL]H�VXEVWDQWLDOO\��7KLV�WLPH�RI�\HDU�LV�YHU\�ZHOO�YLVLEOH�LQ�WKH�PRYLH��LQ�-XO\�WKH�1+�VKRZV�LQWHQVH�EOXH
FRORUV�HVSHFLDOO\�RYHU�WKH�PLG�ODWLWXGH�UHJLRQV�ZKHUH�IRUHVWV�DQG�FURSV�DUH�VRDNLQJ�XS�&2��LQ�JUHDW�DPRXQWV��7KH�ODUJH�FKDQJH
LQ�&2��EHWZHHQ�WKH�VHDVRQV�FDXVHG�E\�SODQW�DFWLYLW\�LV�VRPHWLPHV�UHIHUUHG�WR�DV�WKH�
EUHDWKLQJ
�RI�WKH�SODQHW��,Q�WKH�WURSLFV�
LQWHQVH�UHG�DUHDV�DUH�YLVLEOH�HVSHFLDOO\�GXULQJ�-XO\��$XJXVW�DQG�6HSWHPEHU��7KLV�LV�GXH�WR�WKH�EXUQLQJ�RI�ELRPDVV��6RPH�RI�WKLV
LV�QDWXUDO��VXFK�DV�GU\�JUDVVHV�RQ�WKH�VDYDQQDV�EXUQLQJ��EXW�PRVW�RI�LW�LV�PDQ�PDGH�DV�SHRSOH�EXUQ�ILHOGV�WR�SUHSDUH�WKHP�IRU
DQRWKHU�\HDU�RI�SURGXFWLRQ��RU�EXUQ�IRUHVWV�WR�PDNH�ZD\�IRU�QHZ�DJULFXOWXUDO�ODQGV�
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0HGLD�3UHYLHZ

'HVFULSWLRQ

7KH�)ORZ�)ROORZLQJ�)LQLWH�9ROXPH�,FRVDKHGUDO�0RGHO��),0��ZDV

GHYHORSHG�E\�12$$�WR�SURGXFH�ZHDWKHU�IRUHFDVWV��,Q�IDFW��ZHDWKHU

IRUHFDVWV�IURP�WKH�),0�PRGHO�DUH�DYDLODEOH�IRU�626�KHUH��%XLOGLQJ�XSRQ
WKH�VXFFHVV�RI�WKH�),0�PRGHO��WKH�),0�&KHP�PRGHO�ZDV�FUHDWHG��7KH�),0�

&KHP�LV�WKH�),0�PRGHO�ZLWK�FKHPLVWU\�DQG�DHURVRO�PRGXOHV�DGGHG�

$HURVROV�DUH�RQH�RI�WKH�ELJJHVW�XQFHUWDLQWLHV�LQ�FOLPDWH�PRGHOV�GXH�WR

WKHLU�YDULHG�DIIHFWV�RQ�UDGLDWLRQ�DQG�FORXG�SK\VLFV��7KH�),0�&KHP�DOORZV

UHVHDUFKHUV�WR�IRUHFDVW�DQG�VWXG\�WKH�EHKDYLRU�RI�DHURVROV�LQ�WKH

DWPRVSKHUH��OHDGLQJ�WR�WKH�SRWHQWLDO�IRU�EHWWHU�(DUWK�V\VWHP�PRGHOLQJ�IRU

FOLPDWH�SUHGLFWLRQ�

,Q�WKLV�GDWDVHW��WKH�),0�&KHP�PRGHO�LV�XVHG�WR�WUDFH�WKH�SUHVHQFH�RI�WKUHH

DHURVROV�IURP�$XJXVW����������WKURXJK�6HSWHPEHU����������*UHHQ

VKDGLQJ�LV�GXVW��UHG�VKDGLQJ�LV�EODFN�FDUERQ�DHURVROV�DQG�EOXH�LV�RUJDQLF

FDUERQ�DHURVROV��:KHQ�WKHUH�DUH�PXOWLSOH�DHURVROV�SUHVHQW�LQ�RQH

ORFDWLRQ��WKH�FRORU�IRU�WKH�DHURVROV�LV�FRPELQHG��7KH�WZR�W\SHV�RI�FDUERQ

RIWHQ�RFFXU�WRJHWKHU��WKRXJK�LQ�GLIIHUHQW�SURSRUWLRQV��$UHDV�RI

DQWKURSRJHQLF�HPLVVLRQV�WHQG�WR�KDYH�D�UHGGHU�FRORU�ZKLOH�DUHDV�RI�EXUQLQJ��VXFK�DV�ZLOGILUHV��WHQG�WR�KDYH�D�PRUH�SXUSOLVK�SLQN

FRORU�EHFDXVH�WKH�UDWLR�RI�RUJDQLF�FDUERQV�WR�EODFN�FDUERQV�YDULHV�IRU�WKH�WZR�HPLVVLRQV�VRXUFHV��:LOGILUHV�KDYH�D�KLJK�UDWLR�RI

RUJDQLF�FDUERQ�WR�EODFN�FDUERQ�

'XULQJ�WKH�WLPH�SHULRG�RI�WKLV�GDWDVHW�WKHUH�ZHUH�ZLOGILUHV�LQ

&DOLIRUQLD��$ODVND�DQG�%ULWLVK�&ROXPELD�DQG�ELRPDVV�EXUQLQJ

LQ�6XE�(TXDWRULDO�$IULFD�DQG�WKH�$PD]RQ�UHJLRQ��7KH�ZKLWH

VKDGLQJ�LV�IURP�WKH�SUHVHQFH�RI�DOO�WKUHH�DHURVROV��7KLV�FDQ�EH

VHHQ�LQ�VRXWKHUQ�(XURSH�ZKHUH�WKH�DQWKURSRJHQLF�HPLVVLRQV

IURP�(XURSH�DUH�PL[LQJ�ZLWK�WKH�GU\��GXVW\�DLU�LQ�WKH�6DKDUD�

$QRWKHU�),0�&KHP�GDWDVHW�LV�DYDLODEOH�IRU�626�WKDW�VKRZV
WKH�DVK�GLVSHUVLRQ�DIWHU�WKH�,FHODQG�9ROFDQR�HUXSWHG�LQ�$SULO

�����

1RWDEOH�)HDWXUHV

$UHDV�RI�DQWKURSRJHQLF�HPLVVLRQV�WHQG�WR�KDYH�D�UHGGHU�FRORU�ZKLOH�DUHDV�RI�EXUQLQJ��VXFK�DV�ZLOGILUHV��WHQG�WR�KDYH�D�PRUH

SXUSOLVK�SLQN�FRORU

$UHDV�ZKHUH�DOO�WKUHH�DHURVROV�DUH�SUHVHQW�KDYH�D�ZKLWH�FRORU�

'XULQJ�WKH�WLPH�SHULRG�RI�WKLV�GDWDVHW�WKHUH�ZHUH�ZLOGILUHV�LQ�&DOLIRUQLD��$ODVND�DQG�%ULWLVK�&ROXPELD�DQG�ELRPDVV�EXUQLQJ�LQ

6XE�(TXDWRULDO�$IULFD�DQG�WKH�$PD]RQ�UHJLRQ

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\

$WPRVSKHUH

$XGLR

1R

'DWDVHW�6RXUFH

12$$�),0�&KHP�0RGHO

'DWDVHW�'HYHORSHU

12$$�),0�&KHP�0RGHO

9LVXDOL]DWLRQ�'HYHORSHU

6WHYH�$OEHUV��12$$�*6'

&RQWDFW

*HRUJ�*UHOO

'LUHFWRU\

)73�/LQN

.H\ZRUGV

$WPRVSKHUH��DHURVROV��),0��PRGHO�

EODFN�FDUERQ��RUJDQLF�FDUERQ��GXVW

),0�&KHP�0RGHO���7KUHH�$HURVRO�6SHFLHV
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0HGLD�3UHYLHZ

'HVFULSWLRQ

�7KH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&��ZDV�HVWDEOLVKHG
E\�:02�DQG�81(3�WR�DVVHVV�VFLHQWLILF��WHFKQLFDO�DQG�VRFLR��HFRQRPLF
LQIRUPDWLRQ�UHOHYDQW�IRU�WKH�XQGHUVWDQGLQJ�RI�FOLPDWH�FKDQJH��LWV�SRWHQWLDO
LPSDFWV�DQG�RSWLRQV�IRU�DGDSWDWLRQ�DQG�PLWLJDWLRQ��,W�LV�RSHQ�WR�DOO
PHPEHUV�RI�WKH�81�DQG�RI�:02�����IURP�ZZZ�LSFF�FK�,Q�DQ�HIIRUW�WR
EHWWHU�YLVXDOL]H�WKH�IXWXUH�RI�FOLPDWH�FKDQJH��WKH�,3&&�UHOHDVHV
DVVHVVPHQW�UHSRUWV�RQ�WKH�FXUUHQW�VWDWH�RI�WKH�DWPRVSKHUH�DQG�ZKDW�WKH
IXWXUH�FRXOG�KROG��0RGHOV�IURP�YDULRXV�DWPRVSKHULF�DQG�RFHDQLF
RUJDQL]DWLRQV�DUH�LQFOXGHG�LQ�WKHVH�UHSRUWV�LQ�RUGHU�WR�HVWDEOLVK�D�EURDG
XQGHUVWDQGLQJ�RI�WKH�VFLHQFH��'DWD�IURP�WKUHH�RI�WKH�,3&&�PRGHOV
IROORZLQJ�WHPSHUDWXUH�FKDQJH�IURP�������������KDYH�EHHQ�IRUPDWWHG�IRU

6FLHQFH�2Q�D�6SKHUH���

7KH�PRGHOV�DYDLODEOH�RQ�626�DUH�WKH�&OLPDWH�0RGHO������GHYHORSHG
E\�WKH�*HRSK\VLFDO�)OXLG�'\QDPLFV�/DERUDWRU\��WKH�&RPPXQLW\
&OLPDWH�6\VWHP�0RGHO������GHYHORSHG�E\�WKH�1DWLRQDO�&HQWHU�IRU
$WPRVSKHULF�5HVHDUFK��DQG�WKH�+DGOH\�&HQWUH�+DG&0���GHYHORSHG�E\

WKH�8QLWHG�.LQJGRP�0HWHRURORJ\�2IILFH��$OO�WKUHH�PRGHOV�KDYH�VLPLODU�IRUFLQJ�DJHQWV��)RU�WKH�SDVW�GDWD�WKH\�XVH�WKH���WK
&HQWXU\�0RGHO���&�0��ZKLFK�WDNHV�LQWR�DFFRXQW�WKH�KLVWRULFDO�UHFRUG�RI�JUHHQKRXVH�JDVHV��VXOIDWH�DHURVRO�FRQFHQWUDWLRQV�
YROFDQLF�DHURVRO�RSWLFDO�GHSWKV��DQG�KLVWRULFDO�VRODU�LUUDGLDWLRQ��)RU�WKH�IXWXUH��WKHUH�DUH�WZR�YDULDWLRQV��(DFK�PRGHO�LV�DYDLODEOH
XVLQJ�WKH�6SHFLDO�5HSRUW�RQ�(PLVVLRQV�6FHQDULRV��65(6��$�%�VFHQDULR��ZKLFK�DVVXPHV�

5DSLG�HFRQRPLF�JURZWK

$�JOREDO�SRSXODWLRQ�WKDW�UHDFKHV���ELOOLRQ�LQ������DQG�WKHQ�JUDGXDOO\�GHFOLQHV�

7KH�TXLFN�VSUHDG�RI�QHZ�DQG�HIILFLHQW�WHFKQRORJLHV�

$�FRQYHUJHQW�ZRUOG���LQFRPH�DQG�ZD\�RI�OLIH�FRQYHUJH�EHWZHHQ�UHJLRQV��([WHQVLYH�VRFLDO�DQG�FXOWXUDO�LQWHUDFWLRQV
ZRUOGZLGH�

$�EDODQFHG�HPSKDVLV�RQ�DOO�HQHUJ\�VRXUFHV

In addition, each model is also available using the more ecologically friendly SRES B1 scenario, which

assumes:

5DSLG�HFRQRPLF�JURZWK�DV�LQ�$���EXW�ZLWK�UDSLG�FKDQJHV�WRZDUGV�D�VHUYLFH�DQG�LQIRUPDWLRQ�HFRQRP\�

3RSXODWLRQ�ULVLQJ�WR���ELOOLRQ�LQ������DQG�WKHQ�GHFOLQLQJ�DV�LQ�$��

5HGXFWLRQV�LQ�PDWHULDO�LQWHQVLW\�DQG�WKH�LQWURGXFWLRQ�RI�FOHDQ�DQG�UHVRXUFH�HIILFLHQW�WHFKQRORJLHV�

$Q�HPSKDVLV�RQ�JOREDO�VROXWLRQV�WR�HFRQRPLF��VRFLDO�DQG�HQYLURQPHQWDO�VWDELOLW\�

(YHQ�WKRXJK�WKH�DOO�WKH�PRGHOV�XVH�WKH�VDPH�LQSXWV��WKH�UHVXOWV�YDU\�EHFDXVH�HDFK�RI�WKH�WKUHH�PRGHOV�KDYH�GLIIHULQJ�G\QDPLFV
DQG�SK\VLFV�SDUDPHWHUL]DWLRQV��,Q�DOO�RI�WKH�PRGHOV�IRU�WKH�$�%�VFHQDULR��&2��SURGXFWLRQ�LQFUHDVHV�XQWLO�LW�UHDFKHV����SSP�LQ
WKH�\HDU�������)RU�WKH�%��VFHQDULR��&2��SURGXFWLRQ�LQFUHDVHV�XQWLO�LW�UHDFKHV�����SSP�LQ�WKH�\HDU�������7KH�WHPSHUDWXUHV
GLVSOD\HG�LQ�WKH�GDWDVHWV�DUH�DOO�D�FRPSDULVRQ�WR�WHPSHUDWXUHV�LQ�������%OXH�WRQHV�RQ�WKH�YLVXDOL]DWLRQ�UHSUHVHQW�WHPSHUDWXUHV
FRROHU�WKDQ�WKRVH�LQ�������ZKLOH�UHG�WRQHV�UHSUHVHQW�WHPSHUDWXUHV�ZDUPHU�WKDQ�WKRVH�LQ������

,Q�DGGLWLRQ�WR�WKH�VL[�PRGHO�UXQV��WKHUH�LV�D�DOVR�D�GDWDVHW�KDV�IUDPHV�IURP�WKH�$�%�DQG�%��VFHQDULR�DV�PRGHOHG�E\�*)'/�IRU
������������������DQG������LQ�RUGHU�WR�FRPSDUH�DQG�FRQWUDVW�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�VFHQDULRV�

1RWDEOH�)HDWXUHV

Model and Scenario Global Mean Warming North America Mean Warming
GFDL B1 2.7F (1.5C) 4.32F (2.4C)

GFDL A1B 5.22F (2.9C) 8.82F (4.9C)

CCSM B1 2.52F (1.4C) 3.24F (1.8C)

CCSM A1B 4.86F (2.7C) 7.56F (4.2C)

HAD B1 3.42F (1.9C) 5.4F (3.0C)

HAD A1B 6.66F (3.7C) 10.26F (5.7C)

Note: Global Mean Warming and North America Mean Warming are the difference between 
decadal averages for 1990-2000 and 2090-2100.

'HWDLOV
&DWHJRU\
0RGHOV�6LPXODWLRQV

$XGLR
1R

'DWDVHW�6RXUFH
*HRSK\VLFDO�)OXLG�'\QDPLFV

/DERUDWRU\

'DWDVHW�'HYHORSHU
*HRSK\VLFDO�)OXLG�'\QDPLFV

/DERUDWRU\

9LVXDOL]DWLRQ�'HYHORSHU
1LNNL�3ULYH��12$$�*6'

&RQWDFW
'DQ�3LVXW��12$$�1(6',6

'LUHFWRU\
)73�/LQN

.0/

.0/�)LOH

.H\ZRUGV
0RGHOV�DQG�6LPXODWLRQV��&2��

JOREDO�ZDUPLQJ��WHPSHUDWXUH�

*)'/��1&$5��8.0(7

*)'/�D�E�7HPS�&KDQJH����������
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0HGLD�3UHYLHZ

'HVFULSWLRQ

6DWHOOLWHV�FDQ�GHWHFW�WKH�GLIIHUHQFH�EHWZHHQ�URFN��JUDVVODQG��DQG�IRUHVWV
EHFDXVH�WKHVH�VXUIDFHV�HPLW�HQHUJ\�GLIIHUHQWO\�EDFN�LQWR�VSDFH��%\
PHDVXULQJ�WKHVH�GLIIHUHQFHV�DQG�REVHUYLQJ�WKH�SDWWHUQV�RI�YHJHWDWLRQ���RU
LWV�ODFN�RI�JURZWK��12$$�VFLHQWLVWV�FDQ�PRQLWRU�KRZ�GURXJKWV�DUH
FKDQJLQJ�DFURVV�WKH�ZRUOG�WKURXJK�WLPH�

7KLV�JOREDO�GURXJKW�ULVN�FRPSRVLWH�LV�GHULYHG�IURP�WKH�1RUPDOL]HG
'LIIHUHQFH�9HJHWDWLRQ�,QGH[�GDWDVHWV�GHYHORSHG�E\�12$$�IURP
PHDVXUHPHQWV�RI�WKH�$9+55�VHQVRU�RQERDUG�WKH�32(6�VDWHOOLWH��%\
PRQLWRULQJ�YHJHWDWLRQ�KHDOWK��PRLVWXUH�DQG�WKHUPDO�FRQGLWLRQV��VFLHQWLVWV
DUH�DEOH�WR�LGHQWLI\�DUHDV�WKDW�DUH�FRQVLGHUHG�WR�EH�YHJHWDWLYHO\�VWUHVVHG
GXH�WR�GURXJKW��$Q�LPSRUWDQW�QRWH�LV�WKDW�WKH�GURXJKW�LPDJHU\�LV�EDVHG
VROHO\�RQ�WKH�DQDO\VLV�RI�YHJHWDWLRQ�KHDOWK�DQG�VWUHVV��QRW�VRLO�PRLVWXUH
FRQGLWLRQV��%XW�WKLV�LQGH[�VHUYHV�DV�D�UHOLDEOH�SUR[\�PHDVXUHPHQW�IRU
GURXJKW�ZRUOGZLGH��$UHDV�RI�GHVHUW�DQG�VQRZ�FRYHU�DUH�QRW�LQFOXGHG�LQ�WKH
DQDO\VLV��<HOORZ�DUHDV�LQGLFDWH�DUHDV�XQGHU�PRGHUDWH�GURXJKW�FRQGLWLRQV�
UHG�LQGLFDWHV�DUHDV�H[SHULHQFLQJ�H[WUHPH�GURXJKW�FRQGLWLRQV��$�QXPEHU�RI

RWKHU�GDWDVHWV�DUH�DOVR�EHLQJ�GHULYHG�IURP�1'9,��LQFOXGLQJ�ULVN�LQGH[HV�IRU�ZLOGILUHV�DQG�PDODULD��7KLV�GDWDVHW�LV�XSGDWHG�ZHHNO\�

1RWDEOH�)HDWXUHV

/RFDWLRQ�DQG�LQWHQVLW\�RI�GURXJKW�FKDQJHV�ZLWK�WKH�VHDVRQV

'URXJKW�5LVN�LV�XSGDWHG�ZHHNO\

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\
/DQG

$XGLR
1R

'DWDVHW�6RXUFH
12$$

'DWDVHW�'HYHORSHU
12$$�9LVXDOL]DWLRQ�/DE

9LVXDOL]DWLRQ�'HYHORSHU
12$$�9LVXDOL]DWLRQ�/DE

&RQWDFW
12$$�9LVXDOL]DWLRQ�/DE

'LUHFWRU\
)73�/LQN

.H\ZRUGV
/DQG��GURXJKW��VHDVRQV

5HDO�WLPH��'URXJKW�5LVN
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0HGLD�3UHYLHZ

:HHNO\�6HD�,FH�-XO\
�������$XJXVW�����

�RYHU�(9��

:HHNO\�6HD�,FH�IURP
�������������HYHU\���

GD\V��

'HVFULSWLRQ

6HD�LFH�LV�VLPSO\�RFHDQ�ZDWHU�WKDW�KDV�IUR]HQ��$W�OHDVW�����RI�WKH�RFHDQ�LV

FRYHUHG�E\�VHD�LFH�VRPH�SDUW�RI�WKH�\HDU��7KLV�PHDQV�WKDW�RQ�DYHUDJH��VHD

LFH�FRYHUV�DOPRVW����PLOOLRQ�VTXDUH�PLOHV��DERXW����PLOOLRQ�VTXDUH

NLORPHWHUV��RI�WKH�(DUWK��6HD�LFH�FRQFHQWUDWLRQV�DUH�PRQLWRUHG�FORVHO\�E\

VFLHQWLVWV�EHFDXVH�FKDQJLQJ�VHD�LFH�FRQFHQWUDWLRQV�FDQ�KDYH�D�KXJH

LPSDFW�RQ�WKH�UHVW�RI�WKH�JOREH��*OREDO�ZDUPLQJ�LV�DPSOLILHG�LQ�SRODU

UHJLRQV��%HFDXVH�RI�WKLV��PRQLWRULQJ�FKDQJHV�LQ�VHD�LFH�FDQ�EH�D�JRRG

LQGLFDWRU�RI�FOLPDWH�FKDQJH��7KH�1DWLRQDO�6QRZ�DQG�,FH�'DWD�&HQWHU

PRQLWRUV�VHD�LFH�FRQFHQWUDWLRQV�XVLQJ�D�VDWHOOLWH�GDWD�UHFRUG�WKDW�EHJLQV�LQ

������7KH�6SHFLDO�6HQVRU�0LFURZDYH�,PDJHU��660�,��LV�WKH�FXUUHQW

PRQLWRULQJ�LQVWUXPHQW��7KH�VHD�LFH�FRQFHQWUDWLRQ�GDWDVHW�LV�RQ�D���NP�FHOO

VL]H�JULG�FRYHULQJ�ERWK�$UFWLF�DQG�$QWDUFWLF�SRODU�UHJLRQV�

7KHUH�DUH�WKUHH�GLIIHUHQW�VHD�LFH�FRQFHQWUDWLRQ�GDWDVHWV�DYDLODEOH�IRU

6FLHQFH�2Q�D�6SKHUH��7KH�ILUVW�LV�VHD�LFH�FRQFHQWUDWLRQ�HYHU\�WHQ�GD\V

IURP��������������6HD�LFH�FRQFHQWUDWLRQ�IRU�HYHU\�VL[�GD\V�LV�DYDLODEOH

IURP��������������7KHVH�GDWDVHWV�VKRZ�WKH�JURZWK�DQG�GHFD\�RI�VHD�LFH

FRQFHQWUDWLRQ�WKURXJKRXW�WKH�\HDU��,Q�WKH�$UFWLF��WKH�PD[LPXP�FRYHUDJH�RFFXUV�LQ�0DUFK�DQG�WKH�PLQLPXP�FRYHUDJH�RFFXUV�LQ

6HSWHPEHU�XVXDOO\��7KH�RSSRVLWH�LV�WUXH�IRU�$QWDUFWLF��ZKHUH�WKH�PLQLPXP�RFFXUV�LQ�0DUFK�DQG�WKH�PD[LPXP�RFFXUV�LQ

6HSWHPEHU��$Q�LQWHUHVWLQJ�SRLQW�WR�QRWH�LQ�WKH�ORQJ�GDWDVHW�LV�WKDW�WKH�H[WHQW�RI�VHD�LFH�LQ�WKH�$UFWLF�LV�VKULQNLQJ��ZKLOH�WKH

$QWDUFWLF�VHD�LFH�LV�QRW�WUHQGLQJ�GRZQZDUG��7KH�WKLUG�GDWDVHW�VKRZV�RQO\�6HSWHPEHUV�IURP��������������6HSWHPEHU�ZDV�FKRVHQ

WR�KLJKOLJKW�WKH�FKDQJH�LQ�WKH�$UFWLF�PLQLPXP�VHD�LFH�FRQFHQWUDWLRQ�WKURXJK�WLPH��7KH�GHFUHDVH�LQ�VHD�LFH�FRYHUDJH�LV�DSSDUHQW

LQ�WKLV�GDWDVHW�

1RWDEOH�)HDWXUHV

6HDVRQDO�FKDQJH�RI�VHD�LFH

6KULQNLQJ�RI�$UWLF�VHD�LFH�FRQFHQWUDWLRQ��HVSHFLDOO\�LQ�VXPPHUV

7KH�GLVDSSHDUDQFHH�RI�WKH�2GGHQ��D�WKXPE�VKDSHG�VHD�LFH�IHDWXUH�HDVW�RI�*UHHQODQG��ZKLFK�RIWHQ�LV�YLVLEOH�SULRU�WR�WKH�ODWH

����
V

7KH�PLQLPXP�VHD�LFH�FRQFHQWUDWLRQ�LQ������VKDWWHUHG�WKH�SUHYLRXV�PLQLPXP�VHD�LFH�UHFRUG�VHW�LQ������E\�����DQG

FRQWDLQHG�����OHVV�LFH�WKDQ�WKH������WR������DYHUDJH�

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\

2FHDQ

$XGLR

1R

'DWDVHW�6RXUFH

1DWLRQDO�6QRZ�DQG�,FH�'DWD�&HQWHU

'DWDVHW�'HYHORSHU

)ORUHQFH�)HWWHUHU��0DWW�6DYRLH�

16,'&

9LVXDOL]DWLRQ�'HYHORSHU

0LNH�%LHUH��12$$�*6'

&RQWDFW

)ORUHQFH�)HWWHUHU��0DWW�6DYRLH

'LUHFWRU\

)73�/LQN

.H\ZRUGV

2FHDQ��VHD�LFH�FRQFHQWUDWLRQ�

FOLPDWH�FKDQJH

6HSWHPEHU�6HD�,FH�/HYHOV�IURP������������
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0HGLD�3UHYLHZ

'HVFULSWLRQ

&KDQJHV�LQ�WKH�FOLPDWH�DURXQG�*UHHQODQG�FDQ�KDYH�D�ZRUOG�ZLGH�HIIHFW�
$FFRUGLQJ�WR�'U��.RQUDG�6WHIIHQ��SURIHVVRU�RI�JHRJUDSK\�DW�WKH�8QLYHUVLW\
RI�&RORUDGR�DQG�GLUHFWRU�RI�WKH�12$$�MRLQW�LQVWLWXWH�&,5(6���)RU�HYHU\
GHJUHH��)��LQFUHDVH�LQ�WKH�PHDQ�DQQXDO�WHPSHUDWXUH�QHDU�*UHHQODQG��WKH
UDWH�RI�VHD�OHYHO�ULVH�LQFUHDVHV�E\�DERXW����SHUFHQW���$V�*UHHQODQG
ZDUPV��WKH�LFH�WKDW�FRYHUV�LW�PHOWV�DQG�IORZV�LQWR�WKH�RFHDQV��,Q�RUGHU�WR
VWXG\�PHOWLQJ�WUHQGV�RQ�*UHHQODQG��UHVHDUFKHUV�DW�1$6$�GHYHORSHG�D
�PHOW�LQGH[��ZKLFK�LV�WKH�QXPEHU�RI�GD\V�WKDW�PHOWLQJ�RFFXUUHG�PXOWLSOLHG
E\�WKH�PHOWLQJ�DUHD��7KHUH�LV�D�VWHDG\�LQFUHDVH�LQ�WKH�PHOW�LQGH[�IURP
�����WKURXJK�SUHVHQW��,Q�IDFW��LQ������*UHHQODQG�H[SHULHQFHG�PRUH�GD\V
RI�PHOWLQJ�VQRZ�DQG�DW�KLJKHU�DOWLWXGHV�WKDQ�WKH�DYHUDJH�RYHU�WKH�SDVW���
\HDUV�WKDW�KDYH�EHHQ�VWXGLHG��6HH�IXOO�VWRU\

6FLHQWLVWV�DUH�WUDFNLQJ�WKHVH�WUHQGV�EHFDXVH�LW�ZLOO�KHOS�WKHP�XQGHUVWDQG
KRZ�IDVW�WKH�LFH�LV�PHOWLQJ��WKH�VSHHG�RI�JODFLHU�IORZ��KRZ�PXFK�PHOW�ZDWHU
LV�HQWHULQJ�WKH�RFHDQ��DQG�KRZ�WKH�(DUWK
V�HQHUJ\�EXGJHW�LV�FKDQJLQJ�
0HOWLQJ�LFH�FDQ�KDYH�D�ODUJH�LPSDFW�RQ�WKH�DPRXQW�RI�UDGLDWLRQ�WKDW�LV

HLWKHU�DEVRUEHG�RU�UHIOHFWHG�EDFN�WR�VSDFH��%HFDXVH�LFH�DQG�VQRZ�DUH�ZKLWH��WKH\�JHQHUDOO\�GR�D�JRRG�MRE�RI�UHIOHFWLQJ�VXQOLJKW
DQG�UDGLDWLRQ�EDFN�WR�VSDFH��+RZHYHU��WKHUH�LV�D�GLIIHUHQFH�EHWZHHQ�GU\�VQRZ�DQG�ZHW��PHOWLQJ�VQRZ��'U\�VQRZ�UHIOHFWV�����RI
VXQOLJKW�EDFN�WR�VSDFH��ZKLOH�ZHW�VQRZ�DQG�HYHQ�UHIUR]HQ�VQRZ�RQO\�UHIOHFW��������RI�VXQOLJKW�EDFN�WR�VSDFH��7KLV�PHDQV�WKDW
DV�WKH�DUHD�RI�ZHW�RU�UHIUR]HQ�VQRZ�LQFUHDVHV��WKH�DPRXQW�RI�VXQOLJKW�EHLQJ�DEVRUEHG�LV�DOVR�LQFUHDVLQJ��7KH�FRORU�VFKHPH�LV
WKLV�GDWDVHW�UHSUHVHQWV�WKH�QXPEHU�RI�PHOWLQJ�GD\V��%OXH�LV����PHOWLQJ�GD\V�DQG�UHG�LV����RU�PRUH�PHOWLQJ�GD\V��7KLV
YLVXDOL]DWLRQ�VWDUWV�LQ������DQG�JRHV�WKURXJK������

1RWDEOH�)HDWXUHV

%OXH� ����PHOWLQJ�GD\V��UHG� ����PHOWLQJ�GD\V

�����KDV�WKH�PRVW�PHOWLQJ�GD\V�DQG�DW�WKH�KLJKHVW�ODWLWXGHV

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\
2FHDQ

$XGLR
1R

'DWDVHW�6RXUFH
1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

'DWDVHW�'HYHORSHU
1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

9LVXDOL]DWLRQ�'HYHORSHU
1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

&RQWDFW
1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

'LUHFWRU\
)73�/LQN

.H\ZRUGV
2FHDQV��VHD�LFH��*UHHQODQG��VHD

OHYHO��FOLPDWH�FKDQJH

*UHHQODQG�0HOWLQJ�7UHQGV
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0HGLD�3UHYLHZ

'HVFULSWLRQ

,Q�WKH�FRPLQJ�GHFDGHV��WKH�$UFWLF�UHJLRQ�LV�SURMHFWHG�WR�ZDUP�DW�DERXW

WZLFH�WKH�UDWH�RI�WKH�JOREDO�DYHUDJH�DFFRUGLQJ�WR�WKH�VFLHQWLVWV�DW�12$$
V

*HRSK\VLFDO�)OXLG�'\QDPLFV�/DERUDWRU\��7KLV�LV�QRW�JRRG�QHZV�IRU�WKH

$UFWLF�VHD�LFH��,Q�IDFW��WKH�FRQFHQWUDWLRQ�RI�VHD�LFH�LQ�WKH�QRUWKHUQ�ODWLWXGHV

KDV�EHHQ�GHFUHDVLQJ�RYHU�WKH�SDVW����\HDUV�DQG�WKLV�WUHQG�LV�H[SHFWHG�WR

FRQWLQXH�DV�WKH�FOLPDWH�FKDQJHV��7KH�GLVDSSHDUDQFH�RI�VHD�LFH�FDQ�KDYH

D�PDMRU�LPSDFW�JOREDOO\��0HOWLQJ�VHD�LFH�FDQ�GLVWXUE�WKH�JOREDO�RFHDQ

FRQYH\RU�EHOW��LPSDFW�VHD�OLIH�DQG�WKH�ILVKLQJ�LQGXVWU\��DQG�FKDQJH�WKH

(DUWK�HQHUJ\�EXGJHW��6HD�LFH�FRROV�WKH�FOLPDWH�EHFDXVH�LW�LV�UHIOHFWLYH�DQG

VR�UHWXUQV�PXFK�RI�WKH�VXQ
V�ZDUPLQJ�EDFN�WR�VSDFH��$V�WKH�LFH�PHOWV�

PRUH�RI�WKLV�HQHUJ\�LV�DEVRUEHG�LQ�WKH�GDUNHU�RFHDQ�ZDWHU��7KH

WHPSHUDWXUH�LQFUHDVHV�DV�PRUH�VXQOLJKW�LV�DEVRUEHG�UDWKHU�WKDQ�UHIOHFWHG�

7KLV�LV�D�SRVLWLYH�IHHGEDFN�ORRS�EHFDXVH�DV�WHPSHUDWXUH�ULVHV��PRUH�VHD

LFH�PHOWV�FDXVLQJ�LQFUHDVHG�DEVRUSWLRQ�ZKLFK�OHDGV�WR�ULVLQJ

WHPSHUDWXUHV�

,Q�RUGHU�WR�EHWWHU�XQGHUVWDQG�KRZ�WKH�FOLPDWH�LV

FKDQJLQJ�DQG�WKH�H[WHQW�RI�WKH�LPSDFW�RQ�WKH�$UFWLF�VHD�LFH��VFLHQWLVWV�FUHDWH�PRGHOV�GHVLJQHG�WR

VLPXODWH�ZKDW�KDV�KDSSHQHG�DQG�ZKDW�LV�OLNHO\�WR�KDSSHQ�LQ�WKH�IXWXUH��7KH�PRGHO�RXWSXW�IRU�WKLV

GDWDVHW�FRPHV�IURP�*)'/
V�&0����FRXSOHG�PRGHO��7KH�VLPXODWLRQ�RI�SDVW�\HDUV�WDNHV�LQWR�DFFRXQW�WKH

KLVWRULFDO�UHFRUG�RI�JUHHQKRXVH�JDVHV��YROFDQLF�DHURVROV��EODFN�DQG�RUJDQLF�FDUERQ�DHURVROV��VXOIDWH

DHURVROV��R]RQH��VRODU�LUUDGLDQFH��DQG�ODQG�VXUIDFH�FKDQJHV��)RU�WKH�IXWXUH��WKH\�XVH�WKH�65(6�$�%

VFHQDULR�IURP�WKH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��ZKLFK�DVVXPHV�D�PLG�OHYHO�LQFUHDVH

LQ���VW�FHQWXU\�JUHHQKRXVH�JDV�OHYHOV��7KLV�VLPXODWLRQ�VKRZV�WKH�FKDQJH�LQ�WKH�DYHUDJH�VHD�LFH

FRQFHQWUDWLRQ�IRU�$XJXVW��6HSWHPEHU��DQG�2FWREHU��7KH�VHD�LFH�LQ�WKH�$UFWLF�LV�DW�D�PLQLPXP�GXULQJ

WKHVH�PRQWKV��5DWKHU�WKDQ�VWHDGLO\�GHFOLQH��WKH�VHD�LFH�LV�SURMHFWHG�WR�JR�WKURXJK�SHULRGV�RI�VPDOO�DQG

ODUJH�FKDQJHV��,Q�IDFW��LW�LV�WKRXJKW�WKDW�WKH�PHOWLQJ�RI�WKH�VHD�LFH�FRXOG�DFFHOHUDWH�WKURXJK�WKH���VW

FHQWXU\��ZLWK�YHU\�OLWWOH�VXPPHU�VHD�LFH�UHPDLQLQJ�E\�WKH�\HDU������

)RU�PRUH�LQIRUPDWLRQ�JR�WR�WKH�*)'/�5HVHDUFK�+LJKOLJKW

1RWDEOH�)HDWXUHV

7KH�ORVV�RI�VHD�LFH�FRQFHQWUDWLRQ�LV�JUHDWHVW�WKURXJK�WKH���VW�FHQWXU\

7KH�GHFOLQH�LV�QRW�VWHDG\��EXW�JRHV�WKURXJK�SHULRGV�RI�VPDOO�DQG�ODUJH�FKDQJHV

%ULJKW�ZKLWH� ������LFH��GDUN�EOXH� ����LFH

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\

0RGHOV�6LPXODWLRQV

$XGLR

1R

'DWDVHW�6RXUFH

12$$�*HRSK\VLFDO�)OXLG

'\QDPLFV�/DERUDWRU\

'DWDVHW�'HYHORSHU

0LFKDHO�:LQWRQ��.HLWK�'L[RQ�

5HPLN�=LHPOLQVNL��12$$�*)'/

9LVXDOL]DWLRQ�'HYHORSHU

5HPLN�=LHPOLQVNL��0LFKDHO�:LQWRQ�

.HLWK�'L[RQ��12$$�*)'/

&RQWDFW

1LNNL�3ULYH��12$$�*6'

'LUHFWRU\

)73�/LQN

.H\ZRUGV

0RGHOV�DQG�6LPXODWLRQV��&2���VHD

LFH��FOLPDWH�FKDQJH�*)'/

*)'/�6HD�,FH�0RGHO������������
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0HGLD�3UHYLHZ

'HVFULSWLRQ

7KH�(DUWK�KDV�EHHQ�WKURXJK�PDQ\�FKDQJHV�DQG�FRQWLQXHV�WR�FKDQJH
WRGD\��7R�EHWWHU�XQGHUVWDQG�WKHVH�FKDQJHV��WKH�=�ULFK�8QLYHUVLW\�RI
$SSOLHG�6FLHQFHV�FUHDWHG�D�VLPXODWLRQ�XVLQJ�SDVW�FOLPDWH�GDWD�
REVHUYDWLRQV��DQG�FRPSXWHU�PRGHOV��7KH�VLPXODWLRQ�VWDUWV��������\HDUV
DJR�DQG�HQGV�������\HDUV�LQ�WKH�IXWXUH��VKRZLQJ�WKH�FKDQJHV�LQ�LFH
FRQFHQWUDWLRQ��VHD�OHYHO��DQG�YHJHWDWLRQ��������%&�ZDV�FKRVHQ�DV�WKH
VWDUW�GDWH�EHFDXVH�WKLV�ZDV�WKH�ODVW�JODFLDO�PD[LPXP��ZKHQ�WKH�(DUWK
V�LFH
VKHHWV�ZHUH�DW�WKHLU�PD[LPXP�H[WHQVLRQ��$V�VHHQ�LQ�WKH�DQLPDWLRQ��PXFK
RI�QRUWKHUQ�(XURSH�DQG�1RUWK�$PHULFD�ZHUH�FRYHUHG�LQ�LFH�LQ�������%&�
7KH�ODEHOV�IRU�WKH�DQLPDWLRQ�LQFOXGH�LQIRUPDWLRQ�DERXW�FDUERQ�GLR[LGH
FRQFHQWUDWLRQ��DYHUDJH�WHPSHUDWXUH��VHD�OHYHO�DQG�SRSXODWLRQ��7KH�UHG
OLQH�LQGLFDWHV�WKH�FXUUHQW�OHYHOV��7KH�\HOORZ�ERUGHUV�RQ�WKH�PDS�UHSUHVHQW
WKH�FXUUHQW�FRDVWOLQHV��7KH�GDWD�IURP�������%&�WR������$'�LQFOXGHV�WKH
PRVW�XS�WR�GDWH�SDOHRFOLPDWH�GDWD�WKDW�LV�DYDLODEOH��$�OLVW�RI�VRXUFHV�FDQ
EH�IRXQG�KHUH��6RPH�QRWDEOH�HYHQWV�LQ�WKH�SDVW�VLPXODWLRQ�LQFOXGH�

7KH�1RUWK�6HD�TXLFNO\�IRUPV�DURXQG������%&��FUHDWLQJ�WKH�%ULWLVK�,VOHV

�0HJD�/DNH�&KDG��IRUPV�LQ�WKH�SUHVHQW�GD\�6DUDKD�'HVHUW�DQG�LV�VXUURXQGHG�E\�OXVK�ODQGVFDSHV�DURXQG������%&

7KH�LFH�SXOOV�EDFN�DQG�1RUWK�$PHULFD�DQG�(XURSH�DUH�ODUJHO\�LFH�IUHH��VWDUWLQJ�LQ������%&

7KH�OXVK�YHJHWDWLRQ�DFURVV�1RUWKHUQ�$IULFD�DQG�WKH�$UDELDQ�SHQLQVXOD�UHWUHDWV�LQ������%&

)RU�WKH�WLPH�IUDPH�IURP������$'�WR������$'��D�FRPSXWHU�PRGHO�EDVHG�RQ�WKH�,3&&�$��VFHQDULR�ZDV�XVHG��7KLV�VFHQDULR
DVVXPHV�D�FRPSOHWH�FHVVDWLRQ�RI�FDUERQ�GLR[LGH�HPLVVLRQV�LQ�������0RUH�GHWDLOV�RQ�WKH�PRGHO�XVHG�FDQ�EH�IRXQG�KHUH��,Q�WKLV
SDUW�RI�WKH�VLPXODWLRQ�WKH�WLPH�VWHSV�FKDQJH�IURP�D�IUDPH�HYHU\�����\HDUV�DV�XVHG�LQ�WKH�ILUVW�SDUW�RI�WKH�DQLPDWLRQ��WR�D�IUDPH
HYHU\����\HDUV�WR�VKRZ�WKH�UDSLG�FKDQJHV�WKDW�DUH�PRGHOHG��7KH�QRUWKHUQ�LFH�FDS�TXLFNO\�GLVDSSHDUV�DQG�WKH�LFH�RQ�*UHHQODQG
DQG�$QWDUFWLFD�EHJLQV�WR�PHOW�VWHDGLO\��%\�WKH�\HDU������$'��WKHUH�LV�SUHGLFWHG��P����IW��VHD�OHYHO�ULVH��7KH�VLPXODWLRQ�FRQWLQXHV
IURP������$'�WR��������$'�LQ�����\HDU�WLPH�VWHSV�LQ�D�ILFWLRQDO�VFHQDULR�RI�ZRUOGZLGH�JODFLHU�PHOWGRZQ�DQG�VKRZV�WKH�LPSDFWV
WKLV�ZRXOG�KDYH�RQ�WKH�FRDVWV�

7KH�=XULFK�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�KDV�DOVR�PDGH�WKLV�DQLPDWLRQ�DYDLODEOH�IRU�*RRJOH�(DUWK�

%OXH�0DUEOH�������%&�WR������$'�IRU�*RRJOH�(DUWK

%OXH�0DUEOH������$'�WR�������$'�IRU�*RRJOH�(DUWK

1RWDEOH�)HDWXUHV

������%&�±������$'�VLPXODWHG�IURP�3DOHR�FOLPDWH�GDWD

����\HDU�WLPH�VWHSV

�����$'�±������$'�PRGHOHG�IURP�,3&&�$��VFHQDULR

���\HDU�WLPH�VWHSV

�����$'�±�������$'�FUHDWHG�IURP�D�ILFWLRQDO�VFHQDULR�RI�ZRUOGZLGH�JODFLHU�PHOWGRZQ

����\HDU�WLPH�VWHSV

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\
0RGHOV�6LPXODWLRQV

$XGLR
1R

'DWDVHW�6RXUFH
=XULFK�8QLYHUVLW\�RI�$SSOLHG
6FLHQFH

'DWDVHW�'HYHORSHU
$GULDQ�0H\HU��.DUO�5HJH���,QVWLWXWH
RI�$SSOLHG�,QIRUPDWLRQ
7HFKQRORJ\��=XULFK�8QLYHUVLW\�RI
$SSOLHG�6FLHQFH

9LVXDOL]DWLRQ�'HYHORSHU
$GULDQ�0H\HU��.DUO�5HJH���,QVWLWXWH
RI�$SSOLHG�,QIRUPDWLRQ
7HFKQRORJ\��=XULFK�8QLYHUVLW\�RI
$SSOLHG�6FLHQFH

&RQWDFW
LQIR�LQLW#]KDZ�FK

'LUHFWRU\
)73�/LQN

.H\ZRUGV
0RGHOV�DQG�6LPXODWLRQV��FOLPDWH
FKDQJH��VQRZ�DQG�LFH�FRYHU��VHD
OHYHO�ULVH��YHJHWDWLRQ

%OXH�0DUEOH�������%&�WR�������$'
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0HGLD�3UHYLHZ

2FHDQ�$FLGLILFDWLRQ�S+�

'HVFULSWLRQ

2FHDQ�DFLGLILFDWLRQ�LV�D�FRQVHTXHQFH�RI�KXPDQNLQG
V�UHOHDVH�RI�FDUERQ
GLR[LGH�HPLVVLRQV�WR�WKH�DWPRVSKHUH��([FHVV�FDUERQ�GLR[LGH�HQWHUV�WKH
RFHDQ��UHDFWV�ZLWK�ZDWHU��GHFUHDVHV�RFHDQ�S+��L�H���PDNHV�VHDZDWHU�OHVV
EDVLF���DQG�ORZHUV�FDUERQDWH�LRQ�FRQFHQWUDWLRQV��2UJDQLVPV�VXFK�DV
FRUDOV��FODPV��DQG�VRPH�SODQNWRQ�XVH�FDUERQDWH�LRQV�WR�FUHDWH�WKHLU�VKHOOV
DQG�VNHOHWRQV��'HFUHDVHV�LQ�FDUERQDWH�LRQ�FRQFHQWUDWLRQ�ZLOO�PDNH�LW
GLIILFXOW�IRU�WKHVH�FUHDWXUHV�WR�IRUP�KDUG�VWUXFWXUHV��2FHDQ�DFLGLILFDWLRQ�PD\
FDXVH�VRPH�RUJDQLVPV�WR�GLH��UHSURGXFH�OHVV�VXFFHVVIXOO\��RU�OHDYH�DQ
DUHD��2WKHU�RUJDQLVPV�VXFK�DV�VHDJUDVV�DQG�VRPH�SODQNWRQ�VSHFLHV�PD\
GR�EHWWHU�LQ�RFHDQV�DIIHFWHG�E\�RFHDQ�DFLGLILFDWLRQ��2FHDQ�HFRV\VWHP
GLYHUVLW\�DQG�HFRV\VWHP�VHUYLFHV�PD\�WKHUHIRUH�FKDQJH�GUDPDWLFDOO\�IURP
RFHDQ�DFLGLILFDWLRQ�

7KHVH�GDWDVHWV�VKRZV�FRPSXWHU�PRGHO
VLPXODWLRQV�RI�VXUIDFH�RFHDQ�S+�DQG
DUDJRQLWH�VDWXUDWLRQ�VWDWH�IURP������
������ZLWK�FRQWLQHQWV�DQG�FRUDO�UHHIV

PDUNHG���DUDJRQLWH�VDWXUDWLRQ�VWDWH��VRPHWLPHV�FDOOHG�"DU��LV�FRPPRQO\�XVHG�WR�WUDFN�RFHDQ
DFLGLILFDWLRQ�EHFDXVH�LW�LV�D�IXQFWLRQ�RI�FDUERQDWH�LRQ�FRQFHQWUDWLRQ���7KHVH�GDWDVHWV�VKRZ
VXUIDFH�RFHDQ�S+�DQG�DUDJRQLWH�VDWXUDWLRQ�VWDWH�FKDQJHV�RYHU�WLPH��$UDJRQLWH�LV�RQH�RI�WKH
PRUH�VROXEOH�IRUPV�RI�FDOFLXP�FDUERQDWH�EXW�LW�LV�ZLGHO\�XVHG�E\�PDULQH�FDOFLILHUV��(DFK
VXFFHVVLYH�IUDPH�VKRZV��LQ���PRQWK�LQFUHPHQWV�EHJLQQLQJ�ZLWK�-DQXDU\������DQG�HQGLQJ�ZLWK
-XO\�������WKH�ORZ�SDVV�ILOWHUHG�PRQWKO\�PHDQ�"DU�RU�S+�RI�WKH�VXUIDFH�RFHDQ�DV�PRGHOHG�E\
WKH�&RPPXQLW\�&OLPDWH�6\VWHP�0RGHO������&&60����'RQH\�6&�HW�DO��������6NLOO�PHWULFV�IRU
FRQIURQWLQJ�JOREDO�XSSHU�RFHDQ�HFRV\VWHP�ELRJHRFKHPLVWU\�PRGHOV�DJDLQVW�ILHOG�DQG�UHPRWH
VHQVLQJ�GDWD��-2851$/�2)�0$5,1(�6<67(06�������������������7KH�PRGHO�VLPXODWLRQ�LV
GULYHQ�ZLWK�DWPRVSKHULF�HPLVVLRQV�EDVHG�RQ�UHFRUGV�RI�DWPRVSKHULF�FDUERQ�GLR[LGH�OHYHOV��IRU
SDVW�GDWHV��DQG�WKH�$��,3&&�65(6�VFHQDULR�IRU�IXWXUH�GDWHV��DSSUR[������SSP�DWPRVSKHULF
&2��E\��������/RZ�SDVV�ILOWUDWLRQ�UHPRYHV�VHDVRQDOLW\�DQG�LQWHUDQQXDO�YDULDELOLW\�ZLWK�D
SHULRG�RI�OHVV�WKDQ����\HDUV��:KLWH�LQGLFDWHV�QR�GDWD��$�SODLQ�ODQJXDJH�VFULSW�IRU�GRFHQWV
LV�LQFOXGHG�WR�KHOS�WKHP�LQWURGXFH�YLVLWRUV�WR�RFHDQ�DFLGLILFDWLRQ�DQG�WR�WKHVH�SDUWLFXODU�GDWD�

1RWDEOH�)HDWXUHV

'DUN�JUD\�GRWV�VKRZ�FROG�ZDWHU�FRUDO�UHHIV��PHGLXP�JUD\�GRWV�VKRZ�ZDUP�ZDWHU�FRUDO�UHHIV

7KH�6DWXUDWLRQ�OHJHQG�VKRZV�KRZ�GHFUHDVLQJ�VDWXUDWLRQ�ZLOO�DIIHFW�VHD�OLIH

5HODWHG�'DWDVHWV

'HWDLOV

&DWHJRU\
2FHDQ

$XGLR
1R

'DWDVHW�6RXUFH
%DVHG�RQ�)HHO\�HW�DO��������

'DWDVHW�'HYHORSHU
6DUDK�5��&RROH\��:RRGV�+ROH
2FHDQRJUDSKLF�,QVWLWXWLRQ

9LVXDOL]DWLRQ�'HYHORSHU
6DUDK�5��&RROH\��:RRGV�+ROH
2FHDQRJUDSKLF�,QVWLWXWLRQ

&RQWDFW
5LFKDUG�$��)HHO\

'LUHFWRU\
)73�/LQN

.H\ZRUGV
2FHDQ��DFLGLILFDWLRQ��FRUDO��FOLPDWH
FKDQJH

2FHDQ�$FLGLILFDWLRQ�6DWXUDWLRQ�6WDWH
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0HGLD�3UHYLHZ

'HVFULSWLRQ

)URP�WRXULVP�WR�GLVHDVH�SUHYHQWLRQ��LW¶V�FOHDU�WKDW�UHHIV�RIIHU�PXFK�PRUH
WKDQ�UHFUHDWLRQ��$FFRUGLQJ�WR�WKH�QHZO\�UHOHDVHG�5HHIV�DW�5LVN
5HYLVLWHG�UHSRUW��FRUDO�UHHIV�

6XSSRUW�PRUH�WKDQ�����PLOOLRQ�SHRSOH�ZRUOGZLGH�

3URWHFW�FRDVWOLQHV�LQ�PRUH�WKDQ�����FRXQWULHV���KHOSLQJ�GHIHQG�DJDLQVW
VWRUPV�DQG�HURVLRQ�

$FFRXQWV�IRU�����RI�JURVV�GRPHVWLF�SURGXFW�LQ�PRUH�WKDQ����FRXQWULHV�

+ROG�WKH�SRWHQWLDO�WR�ILJKW�GLVHDVH���LQFOXGLQJ�WUHDWPHQWV�IRU�FDQFHU��+,9�
PDODULD��DQG�RWKHU�GLVHDVHV�

<HW�FRUDO�UHHIV�WRGD\�IDFH�VHULRXV�WKUHDWV��7KH�QHZ�UHSRUW�ILQGV�WKDW
DSSUR[LPDWHO\�����RI�ZRUOG¶V�FRUDO�UHHIV�DUH�FXUUHQWO\�WKUHDWHQHG�E\�ORFDO
DQG�JOREDO�SUHVVXUHV��/RFDO�SUHVVXUHV�SRVH�WKH�PRVW�LPPHGLDWH�WKUHDW��
HVSHFLDOO\�IURP�RYHUILVKLQJ�DQG�GHVWUXFWLYH�ILVKLQJ��ZKLFK�LV�SDUWLFXODUO\

ZLGHVSUHDG�LQ�6RXWKHDVW�$VLD��*OREDO�WKUHDWV�IURP�FOLPDWH�FKDQJH�DQG�DOWHUDWLRQV�LQ�RFHDQ�FKHPLVWU\��L�H��RFHDQ�DFLGLILFDWLRQ�
DUH�FRPSRXQGLQJ�WKH�SUHVVXUHV�RQ�UHHIV��&OLPDWH�FKDQJH�LV�FDXVLQJ�RFHDQ�WHPSHUDWXUHV�WR�ULVH��ZKLFK��LQ�WXUQ��LV�OHDGLQJ�WR
ZLGH�VSUHDG�FRUDO�EOHDFKLQJ�

7KLV�GDWDVHW�IRU�626�ORRNV�DW�WKH�SUHVHQW�VWDWH�RI�FRUDO�UHHIV�DQG�WKHQ�LQWR�WKH�IXWXUH��7KH�SUHVHQW�LPDJH�VKRZV�WKH�WKUHDW
FDWHJRU\�IRU�FRUDO�UHHIV�GXH�WR�ORFDO�DFWLYLWLHV�VXFK�DV�RYHUILVKLQJ�DQG�GHVWUXFWLYH�ILVKLQJ��PDULQH�EDVHG�SROOXWLRQ��FRDVWDO
GHYHORSPHQW��DQG�ZDWHUVKHG�EDVHG�SROOXWLRQ��7KH�SURMHFWHG�LPDJHV�LQ������DQG������VKRZ�ORFDO�WKUHDWV�FRPELQHG�ZLWK
SURMHFWLRQV�RI�WKHUPDO�VWUHVV�DQG�RFHDQ�DFLGLILFDWLRQ�XVLQJ�D��EXVLQHVV�DV�XVXDO��JUHHQKRXVH�JDV�HPLVVLRQV�VFHQDULR��$FFRUGLQJ
WR�WKH�UHSRUW��OHIW�XQFKHFNHG��FRPELQHG�ORFDO�DQG�JOREDO�SUHVVXUHV�ZLOO�SXVK����SHUFHQW�RI�FRUDO�UHHIV�WR�WKUHDWHQHG�VWDWXV��DOO
QRQ�EOXH�FRORUV��LQ�OHVV�WKDQ����\HDUV��E\�������DQG�QHDUO\�DOO�UHHIV�ZLOO�EH�WKUHDWHQHG�E\������

,PDJH�'HWDLOV

5HHIV�DUH�DVVLJQHG�WKHLU�WKUHDW�FDWHJRU\�IURP�WKH�LQWHJUDWHG�ORFDO�WKUHDW�LQGH[�DV�D�VWDUWLQJ�SRLQW��7KUHDW�LV�UDLVHG�RQH�OHYHO�LI
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DUH�FRPSRXQGLQJ�WKH�SUHVVXUHV�RQ�UHHIV��&OLPDWH�FKDQJH�LV�FDXVLQJ�RFHDQ�WHPSHUDWXUHV�WR�ULVH��ZKLFK��LQ�WXUQ��LV�OHDGLQJ�WR
ZLGH�VSUHDG�FRUDO�EOHDFKLQJ�

7KLV�GDWDVHW�IRU�626�ORRNV�DW�WKH�SUHVHQW�VWDWH�RI�FRUDO�UHHIV�DQG�WKHQ�LQWR�WKH�IXWXUH��7KH�SUHVHQW�LPDJH�VKRZV�WKH�WKUHDW
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1RWDEOH�)HDWXUHV

$W�SUHVHQW��ORFDO�KXPDQ�DFWLYLWLHV��FRXSOHG�ZLWK�SDVW�WKHUPDO�VWUHVV��WKUHDWHQ�DQ�HVWLPDWHG����SHUFHQW�RI�WKH�ZRUOG¶V�UHHIV�

%\�������HVWLPDWHV�SUHGLFW�PRUH�WKDQ�����RI�WKH�ZRUOG¶V�UHHIV�ZLOO�EH�WKUHDWHQHG�E\�ORFDO�KXPDQ�DFWLYLWLHV��ZDUPLQJ��DQG
DFLGLILFDWLRQ��ZLWK�QHDUO\�����IDFLQJ�KLJK��YHU\�KLJK��RU�FULWLFDO�WKUHDW�OHYHOV�

%\�������HVWLPDWHV�SUHGLFW�QHDUO\�DOO�RI�WKH�UHHIV�ZLOO�EH�WKUHDWHQHG��ZLWK�����IDFLQJ�KLJK��YHU\�KLJK��RU�FULWLFDO�WKUHDW�OHYHOV�

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\
2FHDQ

$XGLR
1R

'DWDVHW�6RXUFH
:RUOG�5HVRXUFHV�,QVWLWXWH

'DWDVHW�'HYHORSHU
:RUOG�5HVRXUFHV�,QVWLWXWH

9LVXDOL]DWLRQ�'HYHORSHU
12$$�3DFLILF�6HUYLFHV�&HQWHU

&RQWDFW
12$$�3DFLILF�6HUYLFHV�&HQWHU

'LUHFWRU\
)73�/LQN

.H\ZRUGV
2FHDQ��FRUDO�UHHIV��FOLPDWH�FKDQJH�

ILVKHULHV��ZDWHU

5HHIV�DW�5LVN



8/10/12 Datasets | Science On a Sphere

1/1sos.noaa.gov/Datasets/dataset.php?id=184

0HGLD�3UHYLHZ

6HD�OHYHO�&KDQJLQJ�LQ
HYHU\����PHWHUV�IURP

600�

,PSDFW�RI���PHWHU�6HD
/HYHO�5LVH��EODFN�

'HVFULSWLRQ

7KHUH�DUH�PDQ\�TXHVWLRQV�VXUURXQGLQJ�FOLPDWH�FKDQJH��2QH�ELJ�TXHVWLRQ

LV�KRZ�WKH�FKDQJLQJ�FOLPDWH�ZLOO�DIIHFW�WKH�RFHDQV��7KH�VHD�OHYHO�KDV�EHHQ

VWHDGLO\�ULVLQJ�VLQFH������DW�D�UDWH�RI���WR�����PLOOLPHWHUV�SHU�\HDU��,Q�IDFW�

VLQFH������QHZ�PHWKRGV�RI�VDWHOOLWH�DOWLPHWU\�XVLQJ�WKH�723(;�3RVHLGRQ

VDWHOOLWH�LQGLFDWH�D�UDWH�RI�ULVH�RI���PLOOLPHWHUV�SHU�\HDU��7KH�)RXUWK

$VVHVVPHQW�5HSRUW�IURP�WKH�,3&&�VWDWHV�WKDW��WKHUH�LV�VWURQJ�HYLGHQFH

WKDW�JOREDO�VHD�OHYHO�JUDGXDOO\�URVH�LQ�WKH���WK�FHQWXU\�DQG�LV�FXUUHQWO\

ULVLQJ�DW�DQ�LQFUHDVHG�UDWH��DIWHU�D�SHULRG�RI�OLWWOH�FKDQJH�EHWZHHQ�$'��

DQG�$'�������6HD�OHYHO�LV�SURMHFWHG�WR�ULVH�DW�DQ�HYHQ�JUHDWHU�UDWH�LQ�WKLV

FHQWXU\������)RXUWK�$VVHVVPHQW�5HSRUW�RQ�6HD�/HYHO�5LVH�6HD�OHYHO
FDQ�ULVH�E\�WZR�GLIIHUHQW�PHFKDQLVPV�ZLWK�UHVSHFW�WR�FOLPDWH�FKDQJH��7KH

ILUVW�LV�WKH�H[SDQVLRQ�RI�WKH�VHD�ZDWHU�DV�WKH�RFHDQV�ZDUP�GXH�WR�DQ

LQFUHDVLQJ�JOREDO�WHPSHUDWXUH��7KH�VHFRQG�PHFKDQLVP�LV�WKH�PHOWLQJ�RI

LFH�RYHU�ODQG��ZKLFK�WKHQ�DGGV�ZDWHU�WR�WKH�RFHDQ��7KH�,3&&�)RXUWK

$VVHVVPHQW�5HSRUW�SUHGLFWV�WKDW�WRWDO�JOREDO�DYHUDJH�VHD�OHYHO�ULVH�IURP

������������ZLOO�EH��������LQFKHV�IRU�ORZ�HPLVVLRQ�VFHQDULRV�DQG��������

LQFKHV�IRU�KLJK�HPLVVLRQ�VFHQDULRV�

7KHUH�DUH�WZR�6FLHQFH�2Q�D�6SKHUH�GDWDVHWV�WKDW�GHPRQVWUDWH�ULVLQJ�VHD�OHYHOV�DQG�VKRZ�WKH�FKDQJHV�LQ�WKH�(DUWK
V

DSSHDUDQFH�DV�WKH�VHD�OHYHOV�ULVH��7KH�ILUVW�GDWDVHW�VWDUWV�ZLWK�VHD�OHYHO�����PHWHUV�EHORZ�LWV�SUHVHQW�OHYHO��7KH�DUHDV�WKDW

DSSHDU�ZKLWH�DUH�ODQG�WKDW�ZRXOG�EH�XQFRYHUHG�LI�WKH�VHD�OHYHO�ZDV�EHORZ�WKH�FXUUHQW�OHYHO��7KH�DQLPDWLRQ�SURFHHGV�LQ����PHWHU

LQFUHPHQWV��LQFUHDVLQJ�XS�WR����PHWHUV�DERYH�WKH�FXUUHQW�VHD�OHYHO��&XUUHQW�ODQG�PDVVHV�WKDW�ZRXOG�EH�FRYHUHG�E\�WKH�ULVLQJ�VHD

OHYHO�DUH�VKDGHG�EODFN��7KH�1DWLRQDO�6QRZ�DQG�,FH�'DWD�&HQWHU�SUHGLFWV�WKDW�LI�ERWK�$QWDUFWLFD�DQG�*UHHQODQG��WKH�ZRUOG
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